Background: The aim of this systematic review was to study the relationship between exposure to nitrogen dioxide (NO 2 ) in the ambient air and breast cancer incidence. Materials and Methods: A systematic review was performed based on the MOOSE guideline for review of observational studies. We searched five online databases (PubMed, Science Direct, Google Scholar, EBSCO, and Scopus) from their conception to June 2014. A pooled estimate of the correlation between NO 2 exposure and breast cancer incidence was calculated using Pearson's correlation coefficient. Results: A total of 654 titles were retrieved in the initial search of the databases. Further refinement and screening of the retrieved studies produced a total of five studies from four countries. The studies included three ecological studies (aggregate level) and two individual based studies (one prospective cohort and the other one a case-control study). The ecological studies were pooled and the meta-analysis of correlation coefficient without z transformation showed a pooled estimate of r = 0.89 with 95% CI of 0.84 to 0.95. Using z transformation, the pooled r was 1.38 with 95%CI of 1.11 to 1.59. No significant heterogeneity between studies was observed. Following a sensitivity analysis and the removal of each study from pooled analysis we did not see any significant change in the pooled estimate. Conclusions: It was concluded that there is a tendency toward a weak association between exposure to NO 2 in ambient air and breast cancer at the individual level and a significant association at the aggregate level.
Introduction
Breast cancer is a leading cause of mortality and morbidity all over the world. In 2008, close to 1.4 million cases were diagnosed with breast cancer worldwide (Ferlay et al., 2007) . The breast cancer incidence displays great geographical variation with higher rates in developed countries compared to developing countries (Youlden et al., 2012; Bray et al., 2013) . In general, breast cancer rates are highest in white European and lowest in East Asian populations (Ferlay et al., 2007; Hirabayashi and Marugame, 2009; Cho et al., 2010) , regions of world with different pattern of industrialization. The estimated incidence rate for women living in the South-East Asia region of World Health Organization' is 26.1 per 100,000 population and this figure is 89.7 for women living in (Ferlay et al., 2007) . A high risk of breast cancer has been associated with a combination of Western lifestyle characteristics, including early menarche, decreased parity, delayed childbearing, and a sedentary lifestyle as well as exposure to environmental carcinogens (Gerber et al., 2003; McTiernan, 2003) . Studies of migrants have confirmed the major contribution of environmental and lifestyle factors in the etiology of breast cancer (Tsugane et al., 1990; Shimizu et al., 1991; Iwasaki et al., 2008) . Since the pattern and magnitude of established risk factors in different part of the world cannot explain the variation seen in the magnitude and trends in incidence of breast cancer, recent studies has focused on the role of ambient environmental carcinogens in etiology of breast cancer.
The long and short term exposure to air pollution has been demonstrated to contribute to incidence and mortality for many diseases. It is almost established that air pollution causes lung cancer (Hamra et al., 2014) and the causal effect of air pollution has been suspected for cancers of blood (Tong et al., 2012; Boothe et al., 2014 ), bladder (Castano et al., 2008 , cervical cancer (Raaschou et al., 2011a) , prostate (Parent et al., 2013 ), brain (Raaschou et al., 2011a , and breast (Chen and Bina, 2012b) . Several studies have reported higher mortality rates for breast cancer in areas with a high degree of air pollution (Chen and Bina, 2012a; Wei et al., 2012; Al-Ahmadi and AlZahrani, 2013) . In Europe and the United States, it has been shown that the incidence of breast cancer follows the variations in air pollution patterns with a delay of 20 years (Chen and Bina, 2012b) . The air pollution contains gaseous and solid particles. The main gaseous compounds are nitrogen oxides (NOx), carbon oxides (COx), sulfur oxides (SOx) and the solid particles include particulate matter with diameters of less than 10 μm (PM10). Many of these compounds either solid or gas have been proven to be either mutagenic or carcinogenic and can cause cancer (Lewtas, 2007) . Among the many chemical component of air pollution suspected in the etiology of breast cancer, NOx has received special attention due to i). the involvement of NOx and its by products such as N 2 O 3 in cytotoxicity and DNA adduct (Lewtas, 2007) , ii). internally generated NOx activity has been detected in tumor cells of various histological origins and has been associated with tumor grade, proliferation rate and expression of important signaling components associated with cancer development such as estrogen, iii). NOx is very specific to air pollution make it a reliable proxy candidate for assessment of exposure to air pollution (Chen and Bina, 2012b) . The specificity of nitrogen dioxide (NO 2 ) as a proxy indicator of exposure to air pollution and the suspected causal effect of NO 2 in the etiology of breast cancer have made this indicator of exposure a subject of many research and epidemiologic studies relating air pollution and breast cancer.
The knowledge about the association between NO 2 and large number of non-respiratory disease such as breast cancer is limited. We therefore systematically reviewed all epidemiologic studies examining the relationship between NO 2 as an indicator of exposure to air pollution and breast cancer incidence in order to address the relationship between breast cancer and air pollution.
Materials and Methods
Inclusion and exclusion criteria and review guideline The systematic review was undertaken based on the MOOSE guideline for review of observational studies (Stroup et al., 2000) . Inclusion criteria included any observational study or field trial that reported any measure of association between NO 2 exposure and breast cancer. Experimental or laboratory studies, interventional studies that the outcome come did not include breast cancer, studies of air pollution without referring specifically to NO 2 exposure or breast cancer as outcome, review article and meta-analysis were excluded.
Search strategy
We searched 5 online databases (PubMed, Science Direct, Google Scholar, EBSCO, and Scopus) from their conception to June 2014. The search strategy included the main component of inclusion criteria. Each component's main term and their synonyms were searched both free and MeSH indexing term as follow: air pollution or synonyms: air pollution, ozone, carbon monoxide, nitrate oxide, sulfur dioxide, and particulate matter; nitrogen or synonyms: NO 2 , nitrogen dioxide, deutoxide of nitrogen, nitrogen (IV) oxide, nitrogen oxide, NOx, and NO; breast cancer or synonyms: breast neoplasms, breast tumor, human mammary neoplasm, human mammary carcinoma, cancer of breast, breast cancer, mammary cancer, malignant neoplasm of breast, malignant tumor of breast, breast carcinoma, cancer of the breast, ductal carcinoma of breast, lobular carcinoma of breast, medullary breast cancer, breast tumor, and in situ breast cancer. Reference lists of all included studies and recent reviews were manually inspected. The search was limited to the English language. The EndNote software (version X4) was employed to search and to import citations from the databases.
Study selection
Two reviewers independently scanned the titles of all retrieved citations, removing duplicate and identifying potentially relevant abstracts for further inclusion. Selected abstracts were independently reviewed by two researchers for further relevancy and refinement. If there were any disagreement between reviewers in abstract relevancy, a third researcher acted as a mediator. Figure 1 show the details related to the selection process of studies for two reviewers.
Data extraction
For each selected study the following data or items of information were abstracted and tabulated for further analysis: first author identifier; date of publication; date DOI:http://dx.doi.org/10.7314/APJCP.2016.17.1.419 Correlation Between NO 2 as an Air Pollution Indicator and Breast Cancer: a Systematic Review and Meta-analysis of conduction; country of origin; age range of subjects or its mean (if any); study participants (defined by country of origin or ethnic sub population inside a country if exist), study setting, study design, the statistical methods used, length of study, outcome definition, exposure definition, measure of association and its 95% confidence interval (95%CI) and confounding factor consideration.
Statistical analysis
A pooled estimate was calculated only for Pearson's correlation coefficient (r) correlating exposure to NO 2 and incidence of breast cancer. For uniformity, all confidence intervals (CIs) were calculated using the Fisher's r-to-z transformation. Using this transformation, we converted r (correlation coefficient) to z (normal distribution) to obtain approximate normality and then calculated the mean and standard errors of the transformed correlation, which were weighted to the sample sizes in these studies (Chen and Wang, 2008; Donner and Rosner, 1980) . The pooled estimates were reported both with and without z transformation. The presence of heterogeneity was assessed by Cochran's Q statistic (with a significance level of p ≤ 0.1) combined with I2 statistic (with a significance level of > 50%). In presence of significant heterogeneity (p ≤ 0.1 and I2 ≥ 50%), random effect model (with inverse variance method) were used for calculation of pooled r, and if there were no evidence of heterogeneity (p > 0.1 and I2 < 50%) fixed effect model were employed. All analyses were conducted using Stata version 11.2 (Stata Corp LP, College Station, Texas).
Results
A total of 654 articles were retrieved, of which five studies were eligible for inclusion (Crouse et al., 2010; Raaschou-Nielsen et al., 2011b; Chen and Bina, 2012a; Wei et al., 2012; Al-Ahmadi and Al-Zahrani, 2013) ecological studies, one prospective cohort study, and one case-control study. The case-control study was conducted in Canada with a hospital-based control selection method and showed a significant odds ratio (OR) of 1.31 (95% Adjusted for hospital of diagnosis, history of breast cancer in mother and sister, oophorectomy, educational level, ethnicity, age at menarche, age at first full-term pregnancy, breastfeeding history, oral contraceptive use, hormone replacement therapy, body mass index, exposure to tobacco smoke, respondent/proxy status, alcohol consumption, history of benign breast disease, and occupational exposures to solvents with reactive metabolites, extremely low magnetic fields, carbon monoxide, and PAHs; and two neighborhood ecologic covariates: median household income and percent age of adults without a high school diploma PAH: Polycyclic aromatic hydrocarbons; a. Case-control study with hospital-based control group; b. Incidence rate ratio 95% confidence interval after removal of that study from the meta-analysis, and each circle in the middle of the dashed lines indicate point estimates of correlation coefficients (r) after exclusion of that study CI 1.00 to 1.71). The cohort study was conducted in Denmark with 13 years of follow-up and showed an adjusted incidence rate ratio (IRR) of 1.16 (95%CI 0.89 to 1.51). The other three studies were ecological studies and reported strong linear correlations between NO 2 exposure and breast cancer incidence.
When estimating a pooled correlation coefficient associating NO 2 exposure and breast cancer incidence, no significant heterogeneity between studies was observed. Therefore, the fixed effect model was employed for the meta-analysis. Meta-analysis of r's without z transformation showed pooled r=0.89 (95% CI 0.84 to 0.95) and with z transformation 1.38 (95% CI 1.11 to 1.59) that after turning z-transformed r to initial r, pooled estimation and 95% CI were 0.87 (0.80 to 0.92). Forest plots of each estimation are shown in Figures 2 and 3 . Following a sensitivity analysis and the stepwise removal of each study from the pooled analysis, we did not observe any significant changes in the pooled estimate (Figure 4) .
Discussion
This review showed a tendency toward a weak association between exposure to NO 2 and breast cancer at individual level and a significant association at aggregate level. This is the first systematic review and meta-analysis examining the association between NO 2 (as either a proxy for air pollution or a suspected etiologic factor) and breast cancer. Consistent with our result, Hung et al. demonstrated that mortality from breast cancer in Taiwan correlated with PM10 and PM5 suggesting that polycyclic aromatic hydrocarbons (PAH) contained in PM2.5 as carcinogen for breast cancer (Hung et al., 2012) . Bonner et al., conducted a population based case-control study and showed that early life exposure to particulate matter increased risk of breast cancer for 2.42 times (Bonner et al., 2005) .
Although the biologic plausibility for involvement of exogenous NO in the biology of breast tumor is not established but the endogenous NO at molecular level plays an important role in the biology of cancer. studies of laboratory animal have reported that endogenous NO has an important effect on the promotional phase of neoplastic transformation of C3H 10T1/2 mouse fibroblasts cells plus higher level of NO at the cellular level has cytotoxic effect on tumors cell and low level promote tumors growth (Xu et al., 2002) . In addition, the suppression of DNA repairing system had been attributed to peroxynitrite and NO both in vivo and vitro (Wink and Laval, 1994) . So far, the best plausible biologic mechanism of NO 2 carcinogenicity for breast cancer would be the role that NO 2 can play in DNA adduct and DNA damage.
The association seen in our pooled correlation coefficient may be seen as an indication that exposure to NO can be causally related to breast malignancy however as the correlation is a measure association at the aggregate level, it is subject to serious ecological fallacy (the fallacy that originate from the generalization of aggregate level to individual). Therefore, using methods based on geographic information systems, biomarkers and modelling to improve precision of exposure measurement are warranted.
Our study bears some limitations that include 1) No enough study with adjusted measure of association at the individual level. Although, the two individual based studies indicated a tendency toward positive association 2) The studies included in the meta-analysis were ecological studies with correlation coefficient as measure of association, consequently, the association may not state any risk at individual level, 3) our searched databases did not include the gray literature where we could have found more individual based studies and hence improving our review.
The NO 2 density is positively correlated with breast cancer incidence rates in aggregate level. This correlation generates a hypothesis that breast cancer is associated with exposure to NO compounds in ambient air either as an indicator of air pollution or NO as a causative agent contributing to breast cancer malignancy. Further studies at the individual level specifically longitudinal cohort and case-controls are needed to address the role that NO plays in the etiology of breast cancer. 
